Abstract We evaluated the functional and oncological outcome of ultralow anterior resection and coloanal anastomosis (CAA), which is a popular technique for preserving anal sphincter in patients with distal rectal cancer. Forty-eight patients were followed up for 6-100 months regarding fecal or gas incontinence, frequency of bowel movement, and local or systemic recurrence. The main operative techniques were total mesorectal excision with autonomic nerve preservation; the type of anastomosis was straight CAA, performed by the perianal hand sewn method in 38 cases and by the double-stapled method in 10. Postoperative complications included transient urinary retention (n=7), anastomotic stenosis (n=3), anastomotic leakage (n=3), rectovaginal fistula (n=2), and cancer positive margin (n=1; patient refused reoperation). Overall there were recurrences in seven patients (14.5%): one local and one systemic recurrence in stage B2; and one local, two systemic, and two combined local and systemic in C2. The mean frequency of bowel movements was 6.1 per day after 3 months, 4.4 after 1 year, and 3.1 after 2 years. The Kirwan grade for fecal incontinence was 2.7 after 3 months, 1.8 after 1 year, and 1.5 after 2 years. With careful selection of patients and good operative technique, CAA can be performed safely in distal rectal cancer. Normal continence and acceptable frequency of bowel movements can be obtained within 1 year after operation without compromising the rate of local recurrence.
Introduction
The major goals in the surgical treatment of rectal cancer are to resect the cancer curatively and to preserve function. In 1982 Parks and Percy [1] reported the technique of anastomosing the colon to the anal canal in patients with distal rectal cancer. They reported acceptable complications and a low rate of pelvic abscess, while longterm disease-free survival was comparable to that in abdominoperineal resection. With the development of means for evaluating pelvic anatomy, sharp pelvic dissection with total mesorectal excision has become a more standard technique for the surgical treatment of rectal cancer. One of the major advantages of coloanal anastomosis (CAA) is that the distal resection margin from the tumor is safe even with only 1 cm resection margin. A negative lateral margin and total mesorectal excision have become more important in preventing local recurrence than the distal resection margin [2, 3, 6] . Consequently, interest has increased in preserving sphincter function in cases of distal rectal cancer, and case selection has tended toward more distal rectal cancer lying just above the anal canal. The aim of this study was to determine the functional outcome and oncological safety in patients who underwent ultralow anterior resection and CAA for distal rectal cancer.
Materials and method
Eligible patients had histologically confirmed primary adenocarcinoma of the rectum (mean 4 cm from the anal verge on preoperative sigmoidoscopy, range 3-6). Excluded were: elderly patients (>65 years) who may have compromised anal sphincter tone; patients with tethered or fixed bulky tumors or with possible invasion to adjacent organ such as vagina or prostate, seminal vesicle based upon transrectal ultrasonography; and patients with external anal sphincter or levator ani muscles invasion confirmed by pelvic magnetic resonance imaging. Between January 1988 and January 1998 we performed CAA following ultralow anterior resection in 48 patients (30 men, 18 women; mean age 54 years, range 21-65). Their modified Dukes' stage (TNM stage by UICC-AJCC classification) distribution was A (T1N0) in 6 (13%), B1 (T2N0) in 8, (17%), B2 (T3N0) in 11 (23%), C1 (T2N1) in 3 (6%), and C2 (T3N1 or T3N2) in 20 (41%).
All patients underwent a straight CAA. The technique used was nearly complete resection of rectal reservoir and hand-sewn anastomosis for reconstruction performed at the level of dentate line (n=38) or using a double-stapling method at the anorectal ring level (n=10) after full mobilization of the rectum to the level of levator ani muscle in wide pelvis. The operative technique was as follows: The patient was placed in the Trendelenburg lithotomy position with the legs supported in Lloyd-Davies stirrups. A midline abdominal skin incision was made, and the small bowel was wrapped with a bowel bag, and a Thompson self-retractor was applied. The inferior mesenteric vein was divided just beneath the pancreas, while the inferior mesenteric artery was divided just above the running superior hypogastric nerves overlying the aorta. The rectum was sharply dissected to the anal hiatus of the pelvic diaphragm. The plane of pelvic dissection was along the parietal pelvic fascia, leaving the hypogastric nerve over the aorta. We did not dissect along the adventitia of the internal iliac vessels, and the lateral fixing point was divided meticulously by electrocauterization or ligation by surgical clip, and the sacral parasympathetic pelvic plexus was preserved. A proper rectal fascia enveloping mesorectum was always intact during pelvic dissection. In all selected cases a distal, lateral margin could be obtained, and separated from the pelvic diaphragm after completion of the pelvic dissection. Transection of the specimen at the distal margin was performed from the abdomen or abdominotransanal approach.
In the transanal approach (n=38), using the technique of Parks, the mucosa was tripped from the dentate line to just above the levators. The muscular rectal wall was divided by cautery at the level of the anorectal ring, and the specimen was removed. The splenic flexure of the colon was mobilized to gain a length sufficient to the anal canal. The colon was delivered through the anus, where CAA was performed by Vicryl 3-0 suture using a Lone-star retractor. In the double-stapling technique (n=10) CAA was performed near the level of the pelvic diaphragm. Diverting ileostomy was performed in patients in whom insecure anastomosis was suspected (n=8). Postoperative adjuvant chemoradiation was performed in cases of T3N0 or T3N1 grade. All patients were regularly followed up at regular intervals in the outpatient department regardless of whether local or systemic recurrence had occurred (mean follow-up 26 months, range 6-100). Functional results were assessed in patients interviewed during office visits using a standardized questionnaire. The questionnaire included the following questions: How many times do you have bowel movements in a day? How frequently do you experience: incontinence of gas, soiling, inability to defer defecation until bathroom, need to wear a pad? Fecal incontinence was classified according to the Kirwan et al. [4] classification: grade 1, perfect; grade 2, incontinence to gas; grade 3, occasional minor leak; grade 4, frequent, major soiling; grade 5, colostomy. Serum carcinoembryonic antigen was checked routinely every 3 months and abdominopelvic computed tomography scan and chest PA were checked every year.
Results

Complications
Postoperative complications included anastomotic leakage in three cases (6.2%), anastomotic stenosis in three (6.2%), and rectovaginal fistula in two (4.2%). One of the three patients with stenosis could not tolerate the pain at the time of bowel movement. Another two patients experienced improvement in their symptoms with conservative treatment. Temporary urinary retention requiring Foley catheter insertion developed in seven (14.5%) and early postoperative prolonged ileus in four (8.3%). One patient had a positive distal resection margin for cancer, but he refused abdominoperineal resection.
Functional long-term outcome
The mean frequency of postoperative bowel movements was 8.2±2.4 per day after 1 month, 6.1±1.2 after 3 months, 5.2±2.7 after 6 months, 4.4±1.5 after 1 year, and 3.1±1.2 after 2 years (Fig. 1) . The mean postoperative Kirwan et al. grade was 3.2±0.2 after 1 month, 2.7±0.4 after 3 months, 2.2±1.0 after 6 months, 1.8±0.6 after 1 year, and 1.5±0.3 after 2 years (Fig. 2) .
Recurrences
The overall recurrence rate was 14.5% (7/48) during the follow-up period. There was no recurrence in T1N0, T2N0, or T2N1 patients. The rate of local recurrence was 4.1% (2/48), systemic recurrence 8.2% (3/48), and combined local and systemic recurrence 4.1% (2/48). One case of local recurrence and one of systemic recurrence occurred in a patient with grade T3N0. One case of local recurrence, two cases of systemic recurrence, and have a tension; good local blood supply and direct perianus mucosa to mucosa anastomosis are thought to be important. Our mucosectomic technique was carried out not on oncological grounds but for technical safety. Perianal anastomosis of the colon to the dentate line within a circumferential muscle cuff was performed to ensure margins of the resection. Enker et al. [7] have proposed useful guidelines for operative techniques in CAA. Paty et al. [5, 6] suggest the following CAA guidelines for distal rectal cancer: rectal cancer can be resected without violating the levator ani and anal sphincter muscles, and intrapelvic anastomosis must be technically impossible.
We exclude patients with a huge rectal cancer and any suspected sign of invasion to the levator ani muscle or anal sphincter staged preoperatively by pelvic magnetic resonance imaging. Anastomosis can be carried out by the double-stapled method at the junction of anorectum in cases of a wide pelvis, but the hand-sewn anastomosis was performed in most male patients with narrow pelvis. After the specimen is taken, the distal resection margin was sent for confirmation of negative distal resection margin. The average distal resection margin was relatively short (median 2 cm, range 0.8-4 cm) in our series. Paty et al. [6] reported that the length of the distal resection margin below the tumor (<2 cm vs. >2 cm) is not related with statistical significance to local recurrence. In general, a short distal resection margin does not affect the rate of local recurrence. A lateral margin and completion of total mesorectal excision are believed to be a more important for controlling local recurrence. Diverting stoma after CAA was used in 16.7% of the present series, but Cavaliere et al. [8] reported 62% among 117 patients. Although there is some controversy about the need for diverting stoma, this may prevent pelvic sepsis if diversion stoma works in the presence of anastomotic leakage. Surprisingly, our low incidence of anastomotic leakage without diverting stoma resulted from there being no tension and a good blood supply, and from an adequate suture between colonic mucosa and anal mucosa and internal anal sphincter within muscular cuff.
In the present study the average number of bowel movements was 4.4 per day after 1 year and 3.1 per day after 2 years. Most of these patients were satisfied with the frequency of bowel movement. This may be related to increased rectal compliance after surgery, which is correlated to the frequency of bowel movement but does not affect fecal continence [8] . No further minor fecal leakage was noted after 1 year. Paty et al. [5] reported complete fecal continence in 51%, incontinence to gas in 21%, minor leakage in 23%, and significant leakage in 5%. Overall function was also reported as good or excellent in 56%, fair in 32%, and poor in 12%. Lazorthes et al. [9] observed that colonic reservoir can increase the maximally tolerated volume and decrease the frequency of bowel movement after 1 year. In our experience, we began a colonic J pouch CAA in only five patients, 236 two cases of combined local and systemic recurrence occurred in patients with grade T3N1 or T3N2 (Table 1) .
Discussion
CAA has become the operative technique of choice for curative resection of rectal cancer after ultralow anterior resection. Its oncological safety and functional results have been reported [5, 6, 7] . Most patients undergoing this procedure experience the so-called anterior resection syndrome, which is related to be reduction in rectal reservoir and consists of irregular bowel movement, urgency, and multiple evacuation of small amounts of stool. Further extension of sphincter preservation where conventional methods of reconstruction are not possible has been challenged. Technical safety, functional results, and oncological safety have been studied.
Complications consisted of three cases of anastomotic leakage and three of stenosis. One minor leakage was treated conservatively, and two patients received performed a diverting ileostomy. One patient with stenosis complained of severe anal pain for nearly 18 months, and conversion to abdominoperineal resection was carried out with consent of the patient. Cavaliere et al. [8] reported an 18% rate of anastomotic leakage and 21% rate of stricture, which are higher than the rates in our study. In the material of Paty et al. [5] major leakage was found in 5% and minor leakage in 23%. To prevent these complications the delivered descending colon does not which was has been shown to increase reservoir capacity and may provide a superior functional results [10, 11, 12] . The rate of recurrence in our series was comparable to that in other reports although only a low number of patients were recruited. Paty et al. [6] reported 14% pelvic recurrence, 22% combined (local and distant) pelvic and systemic recurrence, and 64% systemic recurrence. Cavaliere et al. [8] reported an overall recurrence rate of 20%, local recurrence 6%, and systemic recurrence 13%. The rate of local recurrence was in fact comparable to that of abdominoperineal resection because the mesorectum was as excised as it would be with abdominoperineal resection Based on the data from this study, we conclude that CAA can be performed for distal rectal cancer with acceptable morbidity. Most patients experience fecal continence and acceptable bowel movement. The overall recurrence rates were also acceptably low. Therefore this procedure does not compromise oncological safety for local control of rectal cancer. To reduce postoperative morbidity, careful selection of patients and good operative techniques are essential.
